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AB - J1 1029873 NOVELTY - The method involves generating a glow 

discharge plasma between two or more sets of counter electrodes 
(30, 40). A solid dielectric (70) is installed at the surface of one or 
more electrodes. A process gas is supplied between the counter 
electrodes and a pressure close to the atmospheric pressure is 
maintained. The glow discharge plasma is generated at a pulse 
electric field of strength 1-100 kV/cm and a voltage rise time of 100 
microseconds or less. A base material (30) is supplied continuously 
between the counter electrodes. 

- DETAILED DESCRIPTION - An INDEPENDENT CLAIM is also 
included for the lamination film forming apparatus which consists of 
a high voltage pulse power supply and a gas feed zone (50). The 
gas feed zone contains the process gas between the counter 
electrodes such that the gas velocity is more than the travel velocity 
of the base material. 

- The frequency of pulse electric field is 0.5-1 00 kHz. The pulse 
continuation time is set to 1-1 000 microseconds. A DC voltage feed 
zone is provided which supplies a high voltage direct current. The 
turn ON time and the turn OFF time of electric field is impressed by 
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the high voltage pulse power supply, A pulse control part performs 
transformation of high voltage DC to high voltage pulse at500 ns or 
less by a semiconductor device. A metallic element content gas is 
supplied between the counter electrodes. 

- USE - For forming lamination films such as antireflection coating, 
optical film, infrared rays reflective film, antistatic film, and 
electromagnetic wave seal film on plastic, metal, paper and fibre. 

- ADVANTAGE - Various different thin films are formed on a base 
material surface at high speed continuously. Manufacture of thin 
film is economical. Size of the apparatus is reduced. 
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AB - PROBLEM TO BE SOLVED: To continuously, efficiently and 

economically form laminated film on the surface of a substrate in 
the vicinity of the atmospheric pressure by passing a substrate 
between several pairs of counter electrodes in which the counter 
faces are provided with solid dielectrics, introducing gases for 
treatment per electrode pair and applying a specified pulse forming 
electric field thereon. 

- SOLUTION: The counter faces of adjacently arranged several 
pairs of upper and lower electrodes 30 to 33 and 40 to 43 are 
provided with solid dielectrics70 to 77 with about 2 specific 
permittivity and about 0.05 to 4 mm thickness, and a substrate60 
such as a PE film is continuously passed therethrough. Per each 
electrode, gases 90 to 93 for treatment are introduced 
therebetween under pressure in the vicinity of the atmospheric 
pressure from the down stream toward the upper stream in the 
running direction of the substrate 60 at >=the running rate. As this 
gases for treatment, the ones contg. metallic elements, 
fluorine-contg. compds. or the like can be used. Then, each 
electrode pair is applied with a pulse forming-electric field from a 
high pressure pulse power source part 10. Relating to this electric 
field, the voltage is sharply rised so that voltage rising time is <=300 
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&mu s, and by regulating the electric field intensity to1 to 100 
kV/cm, glow discharge plasma is generated. 
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Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2 **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs] this invention relates to the formation method of the 
cascade screen on which the homotypic or the thin film of a different kind was made to deposit 
continuously on the surface of a base material, and its formation equipment using the glow discharge 
plasma under the pressure near the atmospheric pressure. 
[0002] 

[Description of the Prior Art] Although the base material which consists of plastics, a metal, paper, 
fiber, etc. is widely used as home use and an industrial use material, if specific functions, such as an 
electrical property, an optical property, and a mechanical characteristic, are given to the front face, 
the use is expanded further and it comes to have big added value. 

[0003] Before, as a method of giving a specific function to the front face of a base material, a 
vacuum deposition method, the sputtering method, the ion beam method, the ion plating method, the 
plasma CVD method using the glow discharge under reduced pressure, etc. are learned. However, 
each of these methods is performed by the vacuum system, large-scale facilities, such as a vacuum 
chamber and a large-sized vacuum pump, are required for them, and there are various kinds of 
limitations in manufacture. 

[0004] In order to form a thin film in the front face of a long base material by the vacuum system, 
two kinds, a batch method and a continuous method, are in manufacture. In a batch method, thin film 
formation is performed by reduced pressure and the closed system, the roll which wound the base 
material around the long picture is put into a vacuum chamber, and a thin film is formed by the front 
face, beginning to roll a base material from a roll in this. By this method, vacuous release and 
vacuous formation must be repeated for every carrying in of a raw material or taking out of a 
product, and with the size of a facility, since a limitation appears in the capacity of the diameter of a 
base-material roll, a thin film raw material, etc., productive efficiency also becomes bad. 
[0005] In a continuous method, in order to acquire a reduced pressure state, a differential-pumping 
method is used, and it exhausts gradually down to reduced pressure from atmospheric pressure, and a 
thin film is formed all over the space which held continuously the degree of vacuum required for 
membrane formation of a thin film. Although this method is easy for carrying in and a raw material 
supplement of a roll base material, since it is necessary to exhaust beyond the inflow of the air into a 
thin film deposition system, and to hold a degree of vacuum, a mass vacuum pump is needed and 
growing gigantic of a facility is not avoided. 

[0006] Moreover, when giving two or more functions to one base material or adding a more 
advanced function, the attempt which carries out the laminating of two or more sorts of thin films is 
made. However, yes [ when forming a multilayer industrially, in order to have to repeat the cycle of 
release of the membrane formation-vacuum of a vacuous formation-thin film for every kind of layer 
in a batch method, it is very inefficient and are realistic, and ]. Moreover, in a continuous method, a 
large-scale facility is required also of a monolayer, and introduction of the process of multilayer 
formation is difficult. Furthermore, correspondence of a little variety was difficult for the continuous 
method on plant-and-equipment investment, and the correspondence to the use which adds a specific 
function to a base material separately etc. was very difficult. 

[0007] A proposal various in the method of forming the above cascade screens is made, to JP,2- 
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181 701, A and JP,3-518202,A Although the method of controlling the degree of incident angle of an 
electron gun and the angle of a vacuum evaporationo roll and the source of vacuum evaporationo, 
and forming a cascade screen on the surface of a base material in a vacuum deposition method is 
proposed The batch method had to be adopted having consented to the very inefficient thing, since 
plant-and-equipment investment became excessive too much for carrying out by there being no 
change in the continuous method using the differential-pumping method. 
[0008] 

[Problem(s) to be Solved by the Invention] this invention is made in order to solve the above 
problems, and it aims at offering the method of manufacturing the cascade screen which deposited on 
the base-material front face continuously the thin film from which various kinds differ at high speed 
under the pressure near the atmospheric pressure, and its continuation manufacturing installation. 
[0009] 

[Means for Solving the Problem] The formation method of the cascade screen invention (henceforth 
the 1st invention) of this application according to claim 1 Two or more sets of counterelectrodes by 
which the solid dielectric was installed in one [ at least ] opposite side adjoin, and introduce the gas 
for processing between the counterelectrodes for each class. By impressing the electric field by 
which were-izing [ electric field / voltage build up time ] 100 or less microseconds, and 1-100 
kV/cm was pulse-ized for field strength between the pressure near the atmospheric pressure, and 
nothing and the counterelectrode of each class Glow discharge plasma is generated and it is 
characterized by passing a base material in succession among two or more aforementioned sets of 
counterelectrodes. 

[0010] In the electric field by which the 1 st invention was pulse-ized, as for the formation method of 
the cascade screen invention (henceforth the 2nd invention) of this application according to claim 2, 
frequency is characterized by making 0.5-100kHz and pulse duration with 1 - 1000 microseconds. 
[001 1] The formation method of the cascade screen invention (henceforth the 3rd invention) of this 
application according to claim 3 is characterized by impressing the electric field pulse-ized by the 
high-voltage pulse power supply which consists of the pulse-control sections which change the high- 
voltage direct current concerned into a high-voltage pulse by the semiconductor device the direct- 
current- voltage feed zone which can supply a high-voltage direct current, the turn-on time, and 
whose turn-off time are 500 or less ns in the electric field by which the 1st invention or the 2nd 
invention was pulse-ized. 

[0012] It is characterized by the gas for processing by which the formation method of the cascade 
screen invention (henceforth the 4th invention) of this application according to claim 4 is introduced 
into any 1 or more sets of two or more sets of counterelectrodes in the 1st invention, the 2nd 
invention, or the 3rd invention containing metallic element content gas. 

[0013] The formation equipment of the cascade screen of invention (henceforth the 5th invention) of 
this application according to claim 5 Two or more sets of counterelectrodes which installed the solid 
dielectric in one [ at least ] opposite side come to adjoin. The base-material run section made as 
[ run / a base material carries out continuous / of between two or more aforementioned sets of 
counterelectrodes /, and / base material / between ], It comes to have the high- voltage pulse power 
supply currently made as [ impress / the gas supply section for processing for supplying the gas for 
processing between counterelectrodes at the gas speed more than the travel speed of a base material 
from a direction contrary to the run direction of a base material for each class, and the electric field 
pulse-ized between counterelectrodes ]. 

[0014] In the above-mentioned invention, the 5th invention relates to the formation equipment for 
forming a cascade screen about the way the 1st invention - the 4th invention form a cascade screen. 
Therefore, the formation method and formation equipment of the above-mentioned invention call 
both this invention collectively, and since it has the boiler plate related mutually closely, when it is 
necessary to distinguish, they are made to call it the method of this invention, or the equipment of 
this invention. 

[0015] this invention is outlined. Two or more sets of counterelectrodes by which the solid dielectric 
was installed in one [ at least ] opposite side adjoin, a homotypic or the gas for processing of a 
different kind is introduced between counterelectrodes for each class, by impressing predetermined 
pulse electric field to the counterelectrode of each class in the state where it was made with the 
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pressure near the atmospheric pressure, the glow discharge plasma depending on the aforementioned 
gas for processing occurs, and a thin film is formed in the base material which passes through the 
inside of this glow discharge plasma. Here, by making it in succession run a base material among 
two or more sets of counterelectrodes, the thin film depending on the gas for processing of each class 
accumulates continuously one by one, and a cascade screen is formed. 

[0016] Therefore, the field where the counterelectrode of each class is contained constitutes the 
electric discharge plasma treatment equipment of the small unit which became independent, 
respectively, it is supplied so that the gas for processing may serve as a pressure near the atmospheric 
pressure at this equipment, and by the well-known method, a base material is run the space between 
counterelectrodes continuously, and is introduced into the electric discharge plasma treatment 
equipment of the following small unit one by one. As mentioned above, two or more sets adjoin, the 
electric discharge plasma treatment equipment of each smallness unit is installed so that a base 
material can run continuously, and processing is performed under the pressure near the atmospheric 
pressure in equipment. The large-scale exhaust like [ that it should just change the seal of the inlet of 
a base material and the exhaust port into the secret state of a grade where the leakage of a gas can be 
permitted ] the processing performed by the vacuum system is not needed. 
[0017] Hereafter, the electric discharge plasma treatment equipment of each above-mentioned 
smallness unit is explained. In this invention, the bottom of the pressure near the atmospheric 
pressure means the bottom of the pressure of 13.3-1 06.4kPa, pressure regulation is easy, and the 
range of 93.1-1 03. 74kPa to which equipment becomes simple is desirable. 

[001 8] Under the pressure near the atmospheric pressure, shifting to an arc discharge state in an 
instant is known except specific gas, such as helium and a ketone, without holding the stable plasma 
electric discharge state. However, if the pulse-ized electric field are impressed, before shifting to arc 
discharge, electric discharge can be stopped, and it realizes, and the cycle of starting electric 
discharge again can be stabilized and can generate glow discharge plasma (it is only henceforth 
called electric discharge plasma). 

[0019] According to the method of impressing the pulse-ized electric field of the specification of this 
invention, it is possible to generate electric discharge plasma regardless of the kind of gas which 
exists all over plasma generating space. Although it was indispensable to have performed processing 
using electric discharge plasma also under well-known low voltage conditions conventionally within 
the airtight container intercepted from the open air under a specific gas atmosphere, according to this 
invention, an open system or the low airtight system of the grade which prevents a free gaseous spill 
can also be carried out, and the high-density plasma state can be realized. 

[0020] In this invention, the gas molecule to which field strength exists all over plasma generating 
space by 1 - 100 kV/cm by impressing the pulse electric field of 100 or less microseconds in build up 
time in which it has a steep standup excites efficiently. It is difficult to ionize efficiently the molecule 
which excites to level with the higher molecule already ionized when excitation of a molecule small 
[ of the molecule which is equivalent to supplying gradually the energy which has the size from 
which impressing pulse electric field with a late standup differs, and is first ionized by low energy 
i.e., the first ionization potential, ] takes place preferentially and energy high next is supplied, and 
exists all over plasma generating space. On the other hand, according to the pulse electric field 
whose build up time is 100 or less microseconds, it is equivalent to giving energy to the molecule 
which exists all over space all at once, the absolute number of the molecule in the state where it 
ionized in space increases, and plasma density becomes a bird clapper highly. 

[0021] Two or more sets of counterelectrodes adjoin, and are arranged, and the manufacture method 
of this invention is performed in the equipment with which the solid dielectric is installed in one [ at 
least ] opposite side of this counterelectrode. Therefore, the electric discharge plasma treatment 
equipment of each smallness unit of this invention does not need to have the same arrangement of 
the solid dielectric of all counterelectrodes, if the above-mentioned conditions are satisfied. When it 
installs a solid dielectric in one side of the above-mentioned electrode, the part which electric 
discharge plasma generates is the space between solid dielectrics between a solid dielectric and an 
electrode, when a solid dielectric is installed in the both sides of the above-mentioned electrode. 
[0022] As an electrode, what consists of alloys, such as metal simple substances, such as copper and 
aluminum, stainless steel, and brass, an intermetallic compound, etc. is mentioned. In order to avoid 
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generating of the arc discharge by electric-field concentration, as for a counterelectrode, it is 
desirable that it is the structure where the distance between counterelectrodes serves as abbreviation 
regularity. As electrode structure of fulfilling this condition, an parallel monotonous type, a cylinder 
opposite monotonous type, a sphere opposite monotonous type, a hyperboloid opposite monotonous 
type, coaxial-circles telescopic structure, etc, are mentioned. 

[0023] As a solid dielectric, it installs in one side or the both sides of an opposite side of an 
electrode. Under the present circumstances, a solid dielectric and the electrode of the side installed 
stick, and are wearing the opposite side of the touching electrode completely. If there is a part which 
electrodes counter directly, without being covered by the solid dielectric, arc discharge will arise 
from there. 

[0024] As a solid dielectric, multiple oxides, such as metallic oxides, such as plastics, such as a 
polytetrafluoroethylene and a polyethylene terephthalate, glass, a silicon dioxide, an aluminum 
oxide, a zirconium dioxide, and a titanium dioxide, and a barium titanate, etc. are mentioned. 
[0025] Although the shape of the shape of a sheet and a film has as the configuration of a solid 
dielectric, it is desirable that thickness is 0.05-4mm. The high voltage is taken to generate electric 
discharge plasma, if too thick, if too thin, dielectric breakdown will happen at the time of voltage 
impression, and arc discharge will occur. 

[0026] Moreover, as for a solid dielectric, it is desirable that specific inductive capacity is two 
(bottom of the 25 degreeC environment, following **) or more. Specific inductive capacity can 
mention a polytetrafluoroethylene, glass, a metal oxide film, etc. as an example of two or more 
dielectrics. Furthermore, in order to be stabilized and to generate high-density electric discharge 
plasma, specific inductive capacity of things is desirable using ten or more fixed dielectrics. 
Although especially the upper limit of specific inductive capacity is not limited, about 18,500 thing 
is known for an actual material. It is desirable for specific inductive capacity to consist of a metallic- 
oxide coat mixed with 5 - 50 % of the weight of oxidization titanium and 50 - 95 % of the weight of 
aluminum oxides or a metallic-oxide coat containing a zirconium oxide as ten or more solid 
dielectrics, and to use that whose thickness of the coat is 10-1000 micrometers. 
[0027] Although an inter-electrode distance is determined in consideration of the purpose using the 
thickness of a solid dielectric, the size of applied voltage, and plasma etc., it is desirable that it is 1- 
50mm. In less than 1mm, if it is difficult for an inter-electrode distance to be too small and to pass a 
base material etc. and it exceeds 50mm, it will become difficult to generate uniform glow discharge 
plasma. 

[0028] In this invention, the electric field impressed to the above-mentioned inter-electrode one are 
pulse-ized, and it is characterized by making voltage build up time and making field strength with 1 - 
100 kV/cm 100 or less microseconds. 

[0029] The example of a pulse-voltage wave is shown in drawing 1 . A wave (A) and (B) are [ a 
square wave type and the wave (D) of an impulse type and a wave (C) ] become [ irregular ] type 
waves. Although voltage impression mentioned what is the repeat of positive/negative to drawing 1 , 
you may use the so-called wave of the piece sinuate which impresses voltage to a positive or 
negative polarity [ one of] side. 

[0030] Although the pulse-voltage wave in this invention is not limited to the wave mentioned here, 
ionization of the gas in the case of plasma generating is efficiently performed, so that the build up 
time of a pulse is short. When the build up time of a pulse exceeds 100 microseconds, an electric 
discharge state will become being easy to shift to an arc unstable, and it will become impossible to 
expect the high-density plasma state by pulse electric field. Moreover, although the earlier one of 
build up time is good, it is difficult for the equipment which has the field strength of the size which is 
the grade which plasma generates in an ordinary pressure, and is made to generate electric field with 
early build up time to have restrictions, and to realize the pulse electric field of the build up time for 
less than 40ns actually. 50ns - 5 microseconds of build up time are more desirable. In addition, build 
up time here means time for voltage change to be positive continuously. 

[0031] Moreover, the falling time of pulse electric field also has a steep desirable thing, and it is 
desirable that it is the same time scale for 100 or less microseconds as build up time. Although it 
changes also with pulse electric-field generating technology, by the power unit used in the example 
of this invention, it can be set as the time when build up time and build up time are the same, for 
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example. 

[0032] Furthermore, you may become irregular using pulse shape, build up time, and the pulse from 
which frequency differs. 

[0033] As for the frequency of pulse electric field, it is desirable that it is 0.5kHz - 100kHz. 0. Since 
plasma density is low, processing takes time too much, as they are less than 5kHz, and if it exceeds 
100kHz, it will become easy to generate arc discharge. More preferably, it is 1kHz or more and 
processing speed can be greatly raised by impressing the pulse electric field of such high frequency. 
[0034] Moreover, as for the pulse duration in the above-mentioned pulse electric field, it is desirable 
that it is 1 - 1000 microseconds. If electric discharge becomes being less than 1 microsecond with an 
unstable thing and it exceeds 1000 microseconds, it will become easy to shift to arc discharge. It is 3 
microseconds - 200 microseconds more preferably. Here, although one pulse duration has shown the 
example in drawing 2 , it means the time in the pulse electric field which consist of a repeat of ON 
and OFF for apulse to continue. By intermittence type pulse like drawing 2 (a), although pulse 
duration is equal to pulse width time, unlike pulse width time, in the pulse of a wave like drawing 2 
(b), time including two or more of a series of pulses is said. 

[0035] Furthermore, in order to stabilize electric discharge, it is desirable to have the OFF time 
continued for at least 1 microsecond in 1ms of charging time values. 

[0036] The above-mentioned electric discharge is performed by impression of voltage. Although the 
size of voltage is decided suitably, it is made into the range from which inter-electrode field strength 
serves as 1 - 100 kV/cm in this invention. Processing takes time too much as it is less than 1 kV/cm, 
and if 100 kV/cm is exceeded, it will become easy to generate arc discharge. Moreover, in 
impression of a pulse voltage, you may superimpose a direct current. 

[0037] The block diagram of the power supply at the time of impressing such pulse electric field to 
drawing 3 is shown. Furthermore, the representative circuit schematic of a power supply is shown in 
drawing 4 . What is being described as SW at drawing 4 is a semiconductor device which functions 
as a switch. By using the semiconductor device which has the turn-on time and the turn-off time for 
500 or less ns as the above-mentioned switch, a high voltage [ as / whose build up time and falling 
time of a pulse the above field strength is 1 - 100 kV/cm, and are 100 or less microseconds ], and 
high-speed pulse electric field are realizable. 

[0038] Hereafter, with reference to the representative circuit schematic of drawing 4 , the principle of 
a power supply is explained briefly. + E is the direct-current-voltage feed zone of "straight polarity, 
and -E is the direct-current-voltage feed zone of negative polarity. SW 1-4 is a switching device 
which consists of above high-speed semiconductor devices. Dl-4 show diode. II -14 The flow 
direction of current is expressed. 

[0039] When SW1 is turned ON in the first place, the load of straight polarity is current II. A flow 
direction is charged. Next, by turning ON SW2 in an instant, after SW1 is turned off [ it ], the 
charged charge passes along SW2 and D4, and it is 13. It charges in a direction. After SW2 is turned 
off [ it ], when S W3 is turned ON next again, the load of negative polarity is current 12. A flow 
direction is charged. Next, by turning ON SW4 in an instant, after SW3 is turned off [ it ], the 
charged charge passes along SW4 and D2, and it is 14. It charges in a direction. A series of above- 
mentioned operations can be repeated, and the output pulse of drawing 5 can be obtained. This table 
of operation is shown in Table 1 . 
[0040] 



[Table 1] 
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[0041] Even if the advantage of this circuit is the case that the impedance of a load is high, it is in the 
point which can discharge the charge charged certainly by operating SW2, D4, or SW4 and D2, and 
the point that it can charge at high speed using SWl and SW3 which are the switching device of a 
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high-speed turn-on, and, for this reason, can obtain the very early pulse signal of build up time and 
falling time like drawing 5 . 

[0042] Setting to the electric discharge obtained by the above-mentioned method, the discharge 
current density between counterelectrodes is 0.2 - 300 mA/cm2. Being made is desirable. 
[0043] When the above-mentioned discharge current density means the value which **(ed) current 
value which flows to inter-electrode by electric discharge in the area of the direction which intersects 
perpendicularly with the flow direction of the current in discharge space and an parallel monotonous 
type thing is used as an electrode, it is equivalent to the value which **(ed) the above-mentioned 
current value in the opposite area. Although pulse-like current flows in this invention in order to 
form pulse electric field in inter-electrode, the value which **(ed) the maximum of the pulse current, 
i.e., peak to peak value, in the above-mentioned area in this case is said. 

[0044] 0.2 which it is shown clearly by research of this invention persons that it is the value to which 
discharge current density influences manufacture of a cascade screen reflecting plasma density, and 
described above inter-electrode discharge current density in the glow discharge under the pressure 
near the atmospheric pressure as shown below - 300 mA/cm2 By considering as the range, uniform 
electric discharge plasma is generated and the manufacture result of a good cascade screen can be 
obtained. 

[0045] As a base material used for this invention, plastics, such as polyethylene, polypropylene, 
polystyrene, a polycarbonate, a polyethylene terephthalate, a polyphenylene ape fight, a polyether 
ether ketone, a polytetrafluoroethylene, and acrylic resin, glass, a ceramic, a metal, etc. are 
mentioned. Especially as a configuration of a base material, although not limited, since it processes 
continuously, it is suitable for long picture type base materials, such as the shape of the shape of a 
tabular and a film, and a pipe. 

[0046] In this invention, the laminating of arbitrary thin films is possible by selection of the gas (it is 
hereafter called the gas for processing) which exists in electric discharge plasma generating space. 
[0047] As gas for processing, by using fluorine content compound gas, a fluorine content machine 
can be made to be able to form in a base-material front face, surface energy can be made low, and a 
water-repellent front face can be obtained. 

[0048] As a fluorine element content compound, fluorine-carbon compounds, such as 8 6 fluoride 
[ propylene ] (CF3 CFCF2), cyclobutane, etc. fluoride (C4 F8), are mentioned. 8 6 fluoride 
[ propylene ] and cyclobutane fluoride which do not generate the hydrogen fluoride which is harmful 
gas from a viewpoint on safe are used. 

[0049] Moreover, the polymerization film of a hydrophilic property can also be made to deposit in a 
molecule by processing under the atmosphere of the monomer which has a hydrophilic radical and a 
polymerization nature unsaturated bond. As the above-mentioned hydrophilic radical, hydrophilic 
radicals, such as a hydroxy 1 group, a sulfonic group, a sulfonate machine, the 1st class, the 2nd class 
or the 3rd class amino group, an amide group, a quarternary-ammonium-salt machine, a carboxylic- 
acid machine, and a carboxylate machine, etc. are mentioned. Moreover, even if it uses the monomer 
which has a polyethylene-glycol chain, a hydrophilic polymerization film can be deposited similarly. 

[0050] As the above-mentioned monomer, acrylic-acid, methacrylic-acid, acrylamide, 
methacrylamide, N, and N-dimethyl acrylamide, acrylic-acid sodium, methacrylic-acid sodium, an 
acrylic-acid potassium, a methacrylic-acid potassium, styrene sulfonic-acid sodium, allyl alcohol, an 
allylamine, polyethylene-glycol dimethacrylate ester, polyethylene-glycol diacylic ester, etc. are 
mentioned, and these at least one sort can be used. 

[0051] Moreover, metal content gas can use it suitably as gas for processing. As a metal, for example 
aluminum, Sb, As, Bi, B, calcium, Cd, Cr, Co, Cu, Ga, germanium, Au, In, Ir, Hf, Fe, Pb, Li, Na, 
Mg, Mn, Hg, Mo, nickel, P, Pt, Po, Rh, Metals, such as Se, Si, S, Ta, Te, Sn, Ti, W, V, Y, Zr, and 
Zn, are mentioned, and the gas for processing, such as a metal organic compound, a metal- 
halogenated compound, metal-hydride, a metal-halogenated compound, and a metal alkoxide, is 
mentioned as gas containing this metal. 

[0052] When it specifically explains taking the case of the case where a metal is Si, a 
tetramethylsilane [Si (CH3)4], The organometallic compound;4 silicon fluoride of dimethylsilane [Si 
(CH3) two H2], a tetraethyl silane [Si (C2 H5)4], etc. (SiF4), Metal halogenated compounds, such as 
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•four silicon chlorides (SiC14) and two silicon chlorides CSiH? riov a -i ,ot T ^ 

hydride, such as a disilane (SiH3 SiH3) and £ fSiH ^iTO Sim? T* t ' ( , H4) ' Mctal 
(OCH3)4], The metal alkoxide of a tetrapod e hoxy si lane Si for Sllane [Si 

these at least one sort including other metals can he n^TJ ( ?a t T W ° u H5) ^ eta 15 mentioned, and 
content gas, in consideration of safety what doe.LTu In the above -™ntioned metal 

the ordinary temperature of a metal alkoJ Me metaCpvT '"T,' SUCh 'V 8 ™* 0 " 3nd eX P losion > in 
atmosphere is desirable, and a JlS?Sw y S^tafST^ ^7°^ ^ and the 
corrosive and harmful gas suitably used from the point of generating of 

Sap^ *f -ge space through a vaporizer, if it has the 

mentioned metal content gas isTgas 8 mtr ° dUCe mt ° dlSCharge Space as itis > if ^ above- 

[ viewpoint of economical 
with dilution gas. As dilution gas ra gas s^hLZT^ ] t0 Pr ° CeSS in atmos P her e thinned 
gas, etc. are mentioned, and ^^te^^^T^ f^™' *"* * Xen ° n ' nitro ^ en 
dilution gas, as for the rate of the eas for used for example. Moreover, when using 

[0055] Inaddition Tis ^^^S^S of 't^ 681 ^ 16 *? ^ ° nC l ° '° volume*, 
controlled atmosphere (gas forSSnS^^T COmpound which has ™"y electrons as a 

supply section 10 and two or more small uTs a VoH 80 h,gh - Volta p P uIse P°wer 

discharge plasma treatment equipments 20 21 22 and 23 Sw? n" 8 ^ ^ 8 1 ' The dectric 
consists of the up electrodes 30 31 32 and IV 1™S , , I ach jmallness unit Respectively, it 

[0057] In addition, although the dotted-line nnrt;™ n f a . ' u \ n ' u > 73 > 74 > 7 5, 76, and 77. 
discharge plasma treatment equipments of a smaZnitt^- tW ° ° r m ° r£ e,ectric 

represented the electric dischLe pl asm ^ treatment T Tfn' m ^ Wing 6 ' the si ^ n t0 whic * 
discharge plasma treatment equipmemT^O ^ Tl2 ZTTf T" ^ Wkh the electric 
electrode, a solid dielectric the gaT sunofv se^ion'f Ur Sma " UmtS ' and an U P lower 

name y 30/40 3 Ml If/42 ^ 3^43?^?'? ^ -^r™ [ eV " y 1 ,he counterelectrodes 
each soilness un which Sjoi^ i^eMhe^, *^t PlaSma ,rea,men ' e iuipme„ts 20-23 of 
are chosen and introduced SZgT me So^aTe t, a,m0SPh ,™ ArW,rary kinds 

mentioned conditions are impressed I to each Eut P"lse-,zed electrtc field by above- 
kind of gas for process™ Generated hi !. ? ,V^- Chct " C dlschar 8e plasma according to the 
films accumulate SSd S,3^ T^"* '° Various kfads » «■*> 
for processing introduced mTfte S liT S ° reen 61 is formed - Th <= kind of gas 

unit changes tith purposes and eve? "and h U nfff T lrea,men * e <W ment °f ™ch smallness 
[0059] Although ifcan be nttoducea by u, we St^TSST " * T ab ° U ' 
introduced between the counterelectrode ™fo, ea ^StatZSta <T f ^ P !T essi '* 

= near the atmosphertc pressure from a mSo^ ST dSZT^ ^ 

^ ga T eam -chanics 
more than the travel speed of a i'lSffir^^-^J-,, 
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material. As gas-stream developmental mechanics, the method of blowing off the gas for processing 
with the gas supply vessel of the shape of a slit or a nozzle, the method of preparing the hole which 
supplies the gas for processing towards the request to the electrode which counters a base-material 
processing side, and blowing off this, a pump, a blower, and a blower are used, and the method of 
supplying and circulating etc. is mentioned to inter-electrode. 

[0061] If it illustrates concretely, the gas supply sections 50, 51, 52, and 53 for processing will be 
arranged as shown in drawing 6 , and the gas for processing will be supplied from the run direction 
and opposite direction of a base material. Moreover, as the supply method of the gas for processing, 
as shown in drawing 7 , the gas 90 for processing may make it the composition circulated at the same 
time it makes it contact at the gas speed more than the travel speed of a base material by the turbo 
blower 100 for every electric discharge plasma treatment equipment of a small unit. 
[0062] In this invention, as shown in drawing 6 , although used common to the power supply of the 
electric discharge plasma treatment equipment of each smallness unit, as long as the conditions 
which generate electric discharge plasma are satisfied, even if the high- voltage pulse power supply 
section 10 uses the power supply which became independent separately, it is not cared about at all in 
the method of this invention. 
[0063] 

[Function] The formation method of the cascade screen of this invention is the atmosphere of gas 
composition of a different kind, as **** explained. Prepare two or more fields made to control so 
that a pressure becomes near the atmospheric pressure, and the electric field pulse-ized by each of 
this field are impressed. Since it is the method of supplying a base material to each of this field 
continuously one by one, making deposit various kinds of thin films on the front face of this base 
material, and forming a cascade screen at the same time it generates the high-density plasma which 
carried out stable By changing the kind of gas of the above-mentioned field, the laminating of two or 
more thin films with various kinds of properties corresponding to the kind of gas can be carried out 
continuously simultaneously at high speed. 

[0064] Moreover, since it is constituted as mentioned above, the formation equipment of the cascade 
screen of this invention can be processed by the ordinary pressure, and a large-sized vacuum pump 
and its large-sized reduced pressure container are unnecessary, and it does not require a large-sized 
facility like before. Therefore, supply of a base material, change of a base material, and change of 
gas composition can be performed freely, and can manufacture various kinds of cascade screens 
economically. 
[0065] 

[Embodiments of the Invention] Although an example is hung up over below and this invention is 
explained to it in more detail, this invention is not limited only to these examples. In addition, in the 
following examples, the high-voltage pulse power supply (the Heiden lab company make, the 
product made from semiconductor device:IXYS, and part number IXBH40N1 60-62 7G are used) by 
the representative circuit schematic of drawing 4 was used. 

[0066] In the equipment (thing except the inside of the equipment shown in drawing 6 , and the 
dotted-line portion) which adjoins and has electric discharge plasma treatment equipment of the 
small unit of 14 examples, it considered as the formation equipment of a cascade screen as the gas 
supply sections 50-53 for processing using what has a slit-like gas diffuser. In addition, both the up 
electrodes 30-33 of the electric discharge plasma treatment equipment of a small unit and the lower 
electrodes 40-43 are sizes with a width-of-face 350x length of 150mm, and what coated the opposite 
side of two electrodes with the aluminum oxide with a thickness of 1 .5mm by the spraying process as 
solid dielectrics 70-77 was used for them. 

[0067] The base material 60 used the polyethylene-terephthalate film (it is called a PET film the 
lumiler T50 by Toray Industries, Inc., 70 contact angles, and the following) with a thickness [ of 50 
micrometers ], and a width of face of 300mm. 

[0068] The **** roll 80 and the winding roll 81 are formation minded [ of the above-mentioned 
cascade screen ] for the PET film of a base material 60. by travel -speed: 10 m/min Under the terms 
and conditions (the gas composition for processing, the total flow, an electric-field wave, build up 
time, peak value, frequency, pulse duration, discharge current density) which introduce into the 
electric discharge plasma treatment equipment of each smallness unit, and are shown in Table 2 The 
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gas for processing excited with electric discharge plasma was contacted on one side of a PET film, 
and the cascade screen was formed. 1 

[0069] In addition, the gas for processing was introduced into each inter-electrode one by total-flow 
30SLM from the gas supply sections 50-53 for processing, respectively. The nitrogen gas which 
contains tetrapod isopropanal POKISHICHITANETO [Ti (i-OPr)4] of 4 volume % in the gas supply 
sections 50 and 52 for processing, The nitrogen gas containing the tetrapod ethoxy silane [Si (OC 
two H5)4] of 2 volume % and the oxygen gas of 2 voiume % is used for the gas supply sections 51 
and 53 for processing. It counted with layer [ 1st ] - the 4th layer in order of the laminating to a PET 
film, and to the 1st layer and the 3rd layer, the laminating of the thin film of oxidization silicon 
(Si02) was carried out, and the four-layer cascade screen of a PET film was formed in the thin film 
of titanium oxide (Ti02), the 2nd layer, and the 4th layer at it. 

[0070] The refractive index of each class of the obtained cascade screen and thickness were 
measured using the ellipsomter (the MIZOJIRI OPTICAL Co., Ltd. make, BVA-36VW), and the 
result was summarized in Table 2. Furthermore, since the place which measured the reflection factor 
of the four-layer cascade screen of Above PET with the spectrophotometer (the Hitachi make, U- 
3000), and the visible-ray average (wavelength of 400-700nm) reflection factor was [ a PET film 
independent ] 0.2% to being about 7%, it became clear that the acid-resisting function is given 
[0071] 
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[0072] an example 2 - in the gas supply section 52 for processing, in order to make the thin film of 
the 3rd layer into a tin oxide (Sn02) The nitrogen gas containing 4 methyl tin [Sn (CH3)4] of 1 
volume % and the oxygen gas of 4 volume % was introduced, the pulse-ized electric field of the 
terms and conditions shown in Table 2 were impressed to inter-electrode [ of the up electrode 32 and 
the lower electrode 42 ] ? and the cascade screen was manufactured like the example 1 except having 
carried out electric discharge plasma generating. 

[0073] The place and 108 which measured the surface-electrical-resistance value of the obtained 
cascade screen of the 3rd layer It was omega/** , and was a cascade screen with the antistatic 
function and the acid-resisting function (reflection factor : 0.3%). Moreover, as shown in Table 2, the 
titanium oxide film of the 1st layer and the oxidization silicon film of the 2nd layer and the 4th layer 
had the same refractive index as an example 1 , and thickness. 

[0074] Uniform electric discharge plasma did not occur under the gas atmosphere of the place which 
impressed the continuation electric field of a sin wave between the counterelectrodes of the 
continuation manufacturing installation used for example of comparison 1 example 1, and the gas for 
processing of an example 1 . Therefore, the nitrogen gas of dilution gas was changed into gaseous 
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helium (helium), and the cascade screen was formed like the example 1 in this gaseous helium 
atmospheric pressure atmosphere. As for the obtained thin film, the front face is sticky, and the firm 
thin film was not obtained. The refractive index of the obtained cascade screen and thickness are 
shown in Table 2. 

[0075] As mentioned above, according to the formation method of the cascade screen of this 
invention, since high-density plasma is acquired compared with the example of comparison, 
compared with the example of comparison, the thin film with large thickness is obtained and a 
generation rate can also form a good cascade screen early. 
[0076] 

[Effect of the Invention] Since the formation method of the cascade screen of this invention is 
constituted as mentioned above, it can carry out the laminating of the thin film which is high speed 
on the surface of a base material, and has various kinds of functions continuously by choosing the 
gas for processing under the pressure near the atmospheric pressure according to the purpose. 
Therefore, it can use for manufacture of various functional films, such as an antireflection film, an 
optical permselective membrane, an infrared reflective film, an antistatic film, an electromagnetic 
wave seal film, and semiconductor-device material, using the method of this invention. 
[0077] Moreover, like the former, since it is not necessary to make the continuation manufacturing 
installation of the cascade screen of this invention into a reduced pressure system, its large-sized 
exhaust is unnecessary, and since carrying in and taking out of a raw material and a product become 
easy, it is very useful from the point of production operation nature and the economical efficiency of 
a production facility. 
[0078] 

[Translation done.] 
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(54) FORMATION OF LAMINATED FILM AND FORMING DEVICE THEREFOR 

(57)Abstract: 

PROBLEM TO BE SOLVED: To continuously, efficiently 
and economically form laminated film on the surface of a 
substrate in the vicinity of the atmospheric pressure by 
passing a substrate between several pairs of counter 
electrodes in which the counter faces are provided with 
solid dielectrics, introducing gases for treatment per 
electrode pair and applying a specified pulse forming 
electric field thereon. 
SOLUTION: The counter faces of adjacently arranged 
several pairs of upper and lower electrodes 30 to 33 and 
40 to 43 are provided with solid dielectrics 70 to 77 with 
about 2 specific permittivity and about 0.05 to 4 mm 
thickness, and a substrate 60 such as a PE film is 
continuously passed therethrough. Per each electrode, 

gases 90 to 93 for treatment are introduced therebetween under pressure in the vicinity of the 
atmospheric pressure from the down stream toward the upper stream in the running direction 
of the substrate 60 at >the running rate. As this gases for treatment, the ones contg. metallic 
elements, fluorine-contg. compds. or the like can be used. Then, each electrode pair is 
applied with a pulse forming-electric field from a high pressure pulse power source part 10. 
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Relating to this electric field, the voltage is sharply rised so that voltage rising time is <100 us, 
and by regulating the electric field intensity to 1 to 100 kV/cm, glow discharge plasma is 
generated. 
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(54) FORMATION OF LAMINATED FILM AND FORMING DEVICE THEREFOR 

(57)Abstract: 

PROBLEM TO BE SOLVED: To continuously, efficiently 
and economically form laminated film on the surface of a 
substrate in the vicinity of the atmospheric pressure by 
passing a substrate between several pairs of counter 
electrodes in which the counter faces are provided with 
solid dielectrics, introducing gases for treatment per 
electrode pair and applying a specified pulse forming '■ 
electric field thereon. 
SOLUTION: The counter faces of adjacently arranged 
several pairs of upper and lower electrodes 30 to 33 and 
40 to 43 are provided with solid dielectrics 70 to 77 with 
about 2 specific permittivity and about 0.05 to 4 mm 
thickness, and a substrate 60 such as a PE film is 
continuously passed therethrough. Per each electrode, 

gases 90 to 93 for treatment are introduced therebetween under pressure in the vicinity of the 
atmospheric pressure from the down stream toward the upper stream in the running direction 
of the substrate 60 at £the running rate. As this gases for treatment, the ones contg. metallic 
elements, fluorine-contg. compds. or the like can be used. Then, each electrode pair is 
applied with a pulse forming-electric field from a high pressure pulse power source part 10. 
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Relating to this electric field, the voltage is sharply rised so that voltage rising time is £100 |js, 
and by regulating the electric field intensity to 1 to 100 kV/cm, glow discharge plasma is 
generated. 
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